Chronic migraine (CM), characterized by ≥15 headache days/month for 3 months, is a disabling condition associated with a high economic and societal burden. It is estimated to impact approximately 1.4-2.2% of the adult population globally and approximately 1% of those in the United States, imparting significant impact on quality of life and disability.[@b1],[@b2] Due to increased acute medication use, physician visits, hospitalizations, and emergency department (ED) visits, individuals with CM have been shown to incur significantly higher healthcare costs than individuals with episodic migraine.[@b3],[@b4]

Two parallel, large-scale, placebo-controlled trials were conducted to evaluate onabotulinumtoxinA therapy for CM: the Phase III Research Evaluating Migraine Prophylaxis Therapy (PREEMPT) trials. The PREEMPT trials represent the largest studies in CM to date (n = 1384), and their results indicate that onabotulinumtoxinA treatment is both safe and effective.[@b5]--[@b9] While the PREEMPT trials clearly established the efficacy of onabotulinumtoxinA in improving both clinical and quality-of-life measures, less clear are the impact of onabotulinumtoxinA on real-world outcomes such as migraine-related healthcare resource use (HRU) and, more specifically, net cost (vs cost-savings) associated with the use of onabotulinumtoxinA to treat CM.

We sought to evaluate migraine-related healthcare resource utilization and direct medical costs prior to and following initiation of treatment with open-label onabotulinumtoxinA for treatment-refractory CM patients.

MATERIALS AND METHODS
=====================

Between January 2007 and April 2011, we evaluated all patients presenting to a university-based subspecialty headache clinic for potential treatment with onabotulinumtoxinA. We obtained a thorough, headache-directed history from each patient, and among the historical variables we recorded were age; gender; race/ethnicity; age at time of migraine onset; duration of daily or near daily headaches, when applicable; baseline "headache frequency/severity profile" (described elsewhere[@b6]); number and specific names of prophylactic therapies previously tried (adequately) and failed; presence vs absence of active overuse of abortive medication (according to International Classification of Headache Disorders, second edition \[ICHD-2\] criteria[@b10]); and frequencies of hospitalization, ED, or urgent care center utilization for acute migraine treatment within the 6 months prior to our initial evaluation. Baseline migraine-related disability was measured by the Migraine Disability Assessment (MIDAS) scale, a seven-item measure of migraine-related disability in the previous 3 months that includes five scored items assessing the number of days that migraine prevented or limited activities, including work, education, household work, and family, social, and leisure activities.[@b11] An overall score is computed as a sum of the number of days for these five items. MIDAS scores are classified into four severity grades: scores of 0-5 represent Grade I (minimal or infrequent disability); 6-10 are Grade II (mild or infrequent disability); 11-20 are Grade III (moderate disability); 21-40 are Grade IVa (severe disability); and 41-270 are Grade IVb (very severe disability).[@b12]

Patients were considered to be eligible for treatment with onabotulinumtoxinA if they met ICHD-2 criteria for CM, reported failure to respond to adequate trials of at least two prophylactic agents (of which one was required to be divalproex sodium, topiramate, or zonisamide), had no history of prior treatment with a neurotoxin for any indication, and were likely to be available for long-term follow-up. Previous trials of prophylactic agents that involved inadequate maximum dose and/or inadequate duration of treatment were not counted as failed attempts. Patients overusing abortive medication were not excluded, and at the discretion of the treating physician, patients were allowed to remain on oral prophylactic therapy if that therapy had been initiated 3 months or more prior to the baseline pretreatment data collection month.

During a 30-day baseline pretreatment period, we asked all patients who consented to onabotulinumtoxinA therapy to keep a paper diary. In that diary, they recorded days of headache experienced, maximum intensity of headache on those days, any symptomatic medication administered, and any migraine-related use of an urgent care center or ED or any migraine-related hospitalization.

At the conclusion of this baseline period, all patients whose diaries were consistent with a diagnosis of CM were treated with open-label onabotulinumtoxinA. One investigator (JFR) who previously had served as a principal investigator in PREEMPT was the treating physician for the entire group, and our injection technique and dosing paradigm were identical to those used in that larger, placebo-controlled, double-blind study.[@b13] All patients received a minimum dose of 155 units of onabotulinumtoxinA administered as 31 fixed-site, fixed-dose injections across seven specific head and neck muscle areas (to the procerus and bilaterally to the corrugator, frontalis, temporalis, occipitalis, cervical paraspinal, and trapezius muscles), with the option, at the physician\'s discretion, of injecting up to an additional 40 units into the temporalis, occipitalis, and trapezius muscles if those muscles were disproportionally involved in the patient\'s headache attacks or were particularly tender to palpation on exam. Following initial treatment, we asked all patients to maintain a paper diary identical to that utilized during the baseline period.

OnabotulinumtoxinA treatment was repeated at 3 months, and at 6 months, all patients returned for follow-up and potentially continued treatment with onabotulinumtoxinA.

Healthcare resource utilization in the 6 months prior to initiation of treatment with onabotulinumtoxinA was compared with the subsequent 6 months by calculating a mean per-patient reduction as well as the incident event rate ratio for each type of HRU. Cost of HRU was assessed by applying national average cost estimates, adjusting for inflation to 2013 using the medical services component of the Bureau of Labor Statistics Consumer Price Index, where applicable (Table [1](#tbl1){ref-type="table"}). The cost of an ED visit for migraine was estimated at \$473.82 using the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost & Utilization Project (HCUP) State Emergency Department Databases. This represents a weighted average of the mean ED visit costs for patients with a primary diagnosis code of 346.0-346.9. The HCUP online query tool (HCUPnet, US Dept for Health and Human Services, AHRQ, Rockville, MD, USA) was used to search the National Inpatient Statistics databases for inpatient hospital costs. The cost of an inpatient hospital stay for CM was estimated at \$6155.42, a weighted average of the mean hospital costs for inpatient stays with a primary diagnosis code of 346.7-346.73. To estimate the cost of an urgent care visit, we began with the 2013 Medicare Physician Fee Schedule (MPFS) reimbursement, without geographic adjustment, for Current Procedural Terminology (CPT) 99214 (office or other outpatient visit for an established patient requiring a detailed history and examination of at least 25 minutes). This figure was then divided by 0.82 because according to the latest Medicare Payment Advisory Commission Report to the Congress, Medicare reimbursements for physician and other health services were 82% of commercial reimbursements in 2011. The resulting cost of an urgent care visit was \$130.28.[@b14]

###### 

Sources of Unit Prices

  Healthcare Resource                 Unit Price                  Source
  ----------------------------------- --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Emergency department visit          \$473.82/Visit              State Emergency Department. Databases (2013). Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost & Utilization Project. Weighted average of mean hospital costs associated with *International Classification of Diseases, Ninth Revision (ICD9)* 346.x.
  Inpatient hospitalization           \$6155.42/Hospitalization   National Inpatient Statistics (2009). Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost & Utilization Project. Weighted average of mean hospital costs associated with ICD9 346.7-346.73. Inflated to 2013 US\$ using the medical care consumer price index.
  Urgent care visit                   \$130.28/Visit              2013 Medicare Physician Fee Schedule (MPFS) reimbursement, without geographic adjustment, for Current Procedural Terminology (CPT) 99214 (office or other outpatient visit for an established patient requiring a detailed history and examination of at least 25 minutes). Divided by 0.82 to estimate commercial reimbursements from Medicare reimbursements (per Medicare Payment Advisory Commission Report).
  OnabotulinumtoxinA drug             \$5.25/Unit                 Redbook wholesale acquisition cost.
  OnabotulinumtoxinA administration   \$175.51/Administration     2013 MPFS reimbursement, without geographic adjustment, for CPT 64615 (chemodenervation of muscle\[s\]; muscle\[s\] innervated by facial, trigeminal, cervical spinal and accessory nerves, bilateral \[eg, for chronic migraine\]). Divided by 0.82 to estimate commercial reimbursements from Medicare reimbursements (per Medicare Payment Advisory Commission Report).

To estimate the cost of onabotulinumtoxinA therapy, we considered both drug cost and cost of administration. The drug cost of onabotulinumtoxinA was estimated using the 2013 wholesale acquisition cost, \$5.25/unit.[@b15] To account for wastage, the cost of two full 100-unit vials was considered, resulting in a drug cost of \$1050/treatment session. The cost of onabotulinumtoxinA administration was estimated using the same method used to estimate urgent care costs. The 2013 MPFS reimbursement, without geographic adjustment, associated with the CPT code 64615 (chemodenervation of muscle\[s\]; muscle\[s\] innervated by facial, trigeminal, cervical spinal and accessory nerves, bilateral \[eg, for CM\]) was divided by 0.82, resulting in a cost of administration of \$175.51/treatment session. Therefore, the estimated cost for two cycles of onabotulinumtoxinA therapy (including administration fee and two 100-unit vials, to account for wastage) was \$2451.02. All cost analyses were conducted using Microsoft Excel (Microsoft Corp., Redmond, WA, USA).

Statistical Analysis
--------------------

Descriptive statistics are presented as means or medians either with ranges or with interquartile ranges (IQR), where available. We examined the mean change in each type of HRU before and after treatment by using a paired *t*-test. The assumptions underlying this parametric test were evaluated using histograms and descriptive statistics. When data were highly skewed, the nonparametric equivalent (Wilcoxon test) was used. The difference in the proportion of patients reporting an ED visit, urgent care visit, or hospitalization before treatment vs after treatment was assessed by McNemar\'s chi-square test. To maintain an overall type one error rate of 0.05, we interpreted a *P* value of less than or equal to .017 as statistically significant for each of the three primary outcomes.

We performed this study under the auspices of the University of Alabama at Birmingham\'s Institutional Review Board where the study was conducted and where JFR was an investigator during the period in which the study occurred. JFR had full access to all of the data and takes responsibility for the integrity of the data and the accuracy of the data analysis.

Results
=======

There were 237 consecutive patients with CM evaluated for study inclusion, of whom 230 (97%) were treated; reasons for exclusion were patient refusal (n = 5) and prior treatment with onabotulinumtoxinA (n = 2). Of the treated patients, 203 (88.3%) were female, and the mean age was 42.3 years (range: 16-79 years). Median MIDAS score at baseline was 70 (IQR: 37.5-113), and 82.6% (n = 190) had severe or very severe disability. There were 126 participants (54.8%) who had daily or near daily headaches at baseline, and 93 (73.8%) of these had experienced daily headaches for greater than 6 months (IQR 16-60). The median number of prophylactic therapies adequately tried and failed was 3 (IQR 2-5). There were 187 participants who (81.3%) had previously tried topiramate. A total of 84 (36.5%) were overusing abortive medication at baseline, and along with other patient characteristics, the type and distribution of medications overused are listed in Table [2](#tbl2){ref-type="table"}. Of the treatment group, 112 (48.7%) were taking an oral prophylactic agent at the time of initial treatment with onabotulinumtoxinA and remained on that agent at least until the second set of injections.

###### 

Patient Characteristics and Medication Use Characteristics

  Characteristic                                                                                     N = 230
  -------------------------------------------------------------------------------------------------- ---------------
  Age, mean (range)                                                                                  42 (16-79)
  Gender                                                                                             
   Male, n (%)                                                                                       27 (11.7)
   Female, n (%)                                                                                     203 (88.3)
  Race                                                                                               
   White                                                                                             198 (86.1)
   African American                                                                                  27 (11.7)
   Other                                                                                             5 (2.1)
  MIDAS, median (IQR)[†](#tf2-1){ref-type="table-fn"}                                                70 (37.5-113)
   Grade I (0-5, little disability), n (%)                                                           1 (0.4)
   Grade II (6-10, mild disability), n (%)                                                           4 (1.7)
   Grade III (11-20, moderate disability), n (%)                                                     18 (7.8)
   Grade IV-A (21-40, severe disability), n (%)                                                      36 (15.7)
   Grade IV-B (41-270, very severe disability), n (%)                                                154 (67.0)
  Daily or near daily headaches, n (%)                                                               126 (54.8)
   Daily or near daily headaches for \>6 months, n (%)                                               98 (42.6)
   Duration of daily or near daily headache (months), median (IQR)                                   36 (16-60)
  History of prophylaxis                                                                             
   Number of agents previously tried, median (IQR)                                                   3 (2-5)
   History of topiramate, n (%)                                                                      187 (81.3)
  Medication overuse, n (%)                                                                          84 (36.5)
  Medication overuse by class                                                                        
   Triptans (sumatriptan, Treximet, Relpax, etc), n (%)                                              23 (11.3)
   OTC analgesics and OTC combination products (acetaminophen, ibuprofen, etc), n (%)                32 (15.8)
   Barbiturates and barbiturate-containing combination products (butalbital, Fioricet, etc), n (%)   17 (8.4)
   Opioids and opioid-containing combination products (oxycodone, codeine, etc), n (%)               31 (15.3)

†Counts do not add to 230 due to missing data.

IQR = interquartile range; MIDAS = MIgraine Disability ASsessment scale; OTC = over the counter.

Within the initial 6-month treatment period, a total of 226 patients (98.3%) received both sets of injections. Four patients (1.7%) refused the second set of injections, but all 230 patients returned for the 6-month follow-up visit.

Table [3](#tbl3){ref-type="table"} displays the changes in HRU after the addition of onabotulinumtoxinA to the treatment regimen. The proportion of patients with one or more ED visit was 54.3% in the pretreatment period vs 31.7% in the posttreatment (*P* \< .001), proportion with one or more urgent care visit 20.0 vs 9.6% (*P* = .06), and proportion with one or more hospitalization 15.7 vs 7.4% (*P* = .01) (Fig. [1](#fig01){ref-type="fig"}). During the 6 months preceding treatment, patients averaged 1.67 ED visits, 0.65 urgent care visits, and 0.20 hospitalizations (Fig. [2](#fig02){ref-type="fig"}). Following initiation of onabotulinumtoxinA treatment, our patient sample demonstrated an absolute mean reduction of 0.92 ED visits, 0.39 urgent care visits, and 0.11 hospitalizations. Compared with rates before treatment, the incidence of ED visits was reduced by 55% (95% confidence interval \[CI\] 44-63%); the incidence of urgent care visits was reduced by 59% (95% CI 41-72%); and the incidence of hospitalizations for migraine was reduced by 57% (95% CI 26-75%). Application of conservative national estimates for related costs yielded a mean reduction of \$1219.33/patient, with an added cost of \$2451.02 for two cycles of onabotulinumtoxinA therapy. Thus, this reduction in HRU offset 49.7% of the estimated cost for 6 months of treatment with onabotulinumtoxinA. It should be noted however that we did not stratify by prior healthcare utilization; therefore, these reductions may not reflect savings for all CM patients, especially lower healthcare resource utilizers.

###### 

Summary of Total Resource Utilization Counts and Cost Over the Observational Period

  Healthcare Resource                        Pretreatment[†](#tf3-1){ref-type="table-fn"}   Posttreatment   Change                                         *P* value
  ------------------------------------------ ---------------------------------------------- --------------- ---------------------------------------------- -----------
  Emergency department visits                                                                                                                              
   Proportion of patients with one or more   54.3%                                          31.7%           −22.6%                                         \<.001
   Total count                               385                                            174             −211                                           ---
   Mean (range) number of visits             1.67 (0-18)                                    0.76 (0-17)     −0.92 ± 2.04[‡](#tf3-2){ref-type="table-fn"}   \<.001
   Estimated cost/patient                    \$791.28                                       \$360.10        −\$431.18[§](#tf3-3){ref-type="table-fn"}      ---
  Urgent care visits                                                                                                                                       
   Proportion of patients with one or more   20.2%                                          9.6%            −10.6%                                         .061
   Total count                               150                                            61              −89                                            ---
   Mean (range) number of visits             0.65 (0-12)                                    0.27 (0-8)      −0.39 ± 1.46[‡](#tf3-2){ref-type="table-fn"}   \<.001
   Estimated cost/patient                    \$84.68                                        \$35.18         −\$49.50[§](#tf3-3){ref-type="table-fn"}       ---
  Hospitalizations                                                                                                                                         
   Proportion of patients with one or more   15.7%                                          7.4%            8.3%                                           .013
   Total count                               45                                             19              −26                                            ---
   Mean (range) number of visits             0.20 (0-5)                                     0.08 (0-2)      −0.11 ± 0.55[‡](#tf3-2){ref-type="table-fn"}   .002
   Estimated cost/patient                    \$1231.08                                      \$492.43        −\$738.65[§](#tf3-3){ref-type="table-fn"}      ---
  OnabotulinumtoxinA                                                                                                                                       
   Estimated cost/patient                    \$0                                            \$2451.02       +\$2451.02                                     ---
  Net cost/patient                                                                                                                                         
   Net cost                                  ---                                            ---             +\$1219.33                                     ---
   % Cost offset                             ---                                            ---             49.7%                                          ---

Pretreatment values were obtained through patient recall of the previous 6 months. Healthcare resource utilization in the 6 months prior to initiation of treatment with onabotulinumtoxinA was compared with the subsequent 6 months by calculating a mean per-patient reduction as well as the incident event rate ratio for each type of healthcare resource utilization.

Mean reduction in visits rounded to the nearest hundredth ± standard deviation.

Calculated by the mean reduction in visits multiplied by the unit cost of each healthcare resource.

--- = not applicable.

![Reductions in the utilization of migraine-related healthcare resource use over 6 months. Pretreatment/preperiod values were obtained through patient recall of the previous 6 months.](head0054-1565-f1){#fig01}

![Mean migraine-related healthcare resource use over 6 months.Pretreatment/preperiod values were obtained through patient recall of the previous 6 months.](head0054-1565-f2){#fig02}

Discussion
==========

PREEMPT established onabotulinumtoxinA as a safe and efficacious treatment for CM, and it is currently the only therapy approved by the US Food and Drug Administration (FDA) for headache prophylaxis among patients with CM.[@b16] Less rigorous studies involving the use of gabapentin, tizanidine, divalproex sodium, methadone, topiramate, and other medications for the treatment of chronic daily headache, "transformed migraine," or CM have been performed, but of these, only topiramate possesses an evidence base sufficient to support potential use in patients with CM.[@b17]

ED visits for acute headache treatment represent one of the major contributors to direct medical costs related to migraine.[@b18] Our patients reported a significant decline in their frequency of ED utilization, and the associated savings offset a reasonable proportion of the cost of treatment; additional savings in direct costs occurred consequent to reductions in migraine-related utilization of urgent care centers and hospitalizations.

Our patients were similar in their demographic and clinical characteristics to subjects from population-based studies of CM such as the American Migraine Prevalence and Prevention Study and the International Burden of Migraine Study (IBMS).[@b12],[@b19] Before initiating treatment, patients in our study averaged 1.67 ED visits (385 visits for 230 patients), 0.65 urgent care visits (150 visits for 230 patients), and 0.20 hospitalizations (45 hospitalizations for 230 patients) over 6 months. This is somewhat higher than the level of HRU observed in the IBMS, where CM participants reported 0.41 ED visits and 0.09 hospital admissions over the previous 3 months, and these higher rates may reflect an inherent difference in the care-seeking behavior of clinic-based vs general population-based subject groups.

The higher level of HRU observed in our cohort may be attributable to it, comprising a more severely affected subgroup of CM patients who were motivated to seek care in a specialty setting. Our study included only refractory CM patients, with previous failure of at least two oral prophylactic agents. This is potentially a more severely affected group of patients relative to those enrolled in the PREEMPT clinical trials. Thus, our results may have been partly driven by higher healthcare utilizers and may not be representative of the cost-offsets experienced by lower healthcare utilizers. Nevertheless, although it is true that high utilizers have greater room for reduction in utilization, any other real-world sample is also going to be composed of a mix of high utilizers and lower utilizers. Thus, although our estimate of the mean reduction in utilization may not be representative of every patient in our sample or any other sample, it remains representative of the average of any other sample of similar patients in clinical practice. If this population seeking care in a specialty clinic is indeed not representative of the broader CM population, then our estimates of reductions in resource utilization due to initiation of onabotulinumtoxinA would not be generalizable beyond similar patients seeking treatment in similar facilities. Future analyses should stratify by degree of healthcare utilization.

Only four patients (1.7%) refused the second set of injections, suggesting an acceptable patient tolerability. This reinforces the positive safety and tolerability profile demonstrated in the PREEMPT clinical trials.

Our study did not include a control group, which limits our ability to compare treatment options or adjust for reduction in the frequency of headache days or HRU independent of onabotulinumtoxinA therapy. The rate of remission from CM to episodic migraine has been estimated at 26% annually, with lower baseline headache frequency (15-19 vs 25-31 days/month) and the absence of allodynia identified as statistically significant predictors of remission; use of prophylactic therapy was associated with a lower remission rate, suggesting a bias toward people with more persistent CM receiving such treatment.[@b20] As our group of CM patients had experienced daily or near daily headaches for a median of 36 months, with adequate trial and failure of at least two prior prophylactic therapies, we feel that the bias toward spontaneous remission to episodic migraine in this severely impacted cohort likely was limited, but cannot be ruled out in the absence of a control (placebo) group.

The issue of spontaneous remission to episodic migraine aside, it is impossible to distinguish onabotulinumtoxinA\'s treatment effect from other potential confounding variables present during the observational period (including -- but not limited to -- changes in abortive therapies, improved patient education, discontinuation of adjunctive oral prophylaxis, and aggressive management of symptomatic medication overuse).

An additional limitation of our study involved the reliance on patient recall for HRU in the 6 months preceding initiation of onabotulinumtoxinA, with recall bias lending to the possibility that HRU during the pretreatment period was overestimated. Contravening this is the observation that immediately prior to participating in the study described here, a subset of our patients had participated in an epidemiologic investigation of CM that required prospective recording of HRU. The HRU reported by this subgroup was similar to that retrospectively reported by our remaining subjects. Although we did not perform a formal validation analysis, it would appear that the effect of patient recall bias on HRU consequently was limited.

Cost-offsets demonstrated here are likely to be conservative, as we did not take into account any savings in HRU attributable to decreased use of abortive medication, or prophylactic therapies, elective visits to healthcare providers, diagnostic studies (eg, brain magnetic resonance imaging or computed tomography), or savings in indirect costs (eg, work absenteeism or decreased productivity related to migraine), which have been shown to be substantial for those with CM.[@b21] However, even if these estimates are conservative, they may not be generalizable beyond 6 months after initiation of treatment.

Conclusion
==========

CM is a highly disabling and burdensome disorder.[@b1],[@b4] OnabotulinumtoxinA is the only FDA-approved prophylactic treatment for CM, making onabotulinumtoxinA a logical treatment choice for CM. Although we are unable to distinguish onabotulinumtoxinA\'s treatment effect from other potential confounding variables, our study showed that in addition to the documented safety and efficacy of onabotulinumtoxinA, severely afflicted, treatment-refractory CM patients who initiate onabotulinumtoxinA therapy experienced a significant cost-offset by a reduction in ED visits, urgent care visits, and hospitalizations for migraine in the 6 months following treatment initiation.
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